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Forests across the world stand at a crossroads where climate and land-use changes are shaping their future.
Despite demonstrations of political will and global efforts, forest loss, fragmentation, and degradation
continue unabated. No clear evidence exists to suggest that these initiatives are working. A key reason for
this apparent ineffectiveness could lie in the failure to recognize the agency of all stakeholders involved.
Landscapes do not happen. We shape them. Forest transitions are social and behavioral before they are
ecological. Decision makers need to integrate better representations of people’s agency in their mental
models. A possible pathway to overcome this barrier involves elicitingmental models behind policy decisions
to allow better representation of human agency, changing perspectives to better understand divergent points
of view, and refining strategies through explicit theories of change. Games can help decision makers in all of
these tasks.Introduction
Forests across the world stand at a crossroads. Climate change1
and land-use change,2,3 both end points of larger and complex
chains of cause and effect, will shape their future. Although
changes in climate and land use are not independent from
each other,4 the underlying processes work at different time-scales: decades to centuries for changes in temperature and
rainfall patterns against years and sometimesmonths for agricul-
ture conversion, infrastructure development, logging operations,
and political regime shifts.5 Agriculture is the main driver of
deforestation.6,7 Net deforestation in the tropics dominates8
with various regional drivers:9 ranching and soybean expansionOne Earth 2, May 22, 2020 ª 2020 Published by Elsevier Inc. 417
Figure 1. Detected Tree-Cover Loss and
Institutional Timelines
Despite demonstrations of political will and global
efforts, tree-cover loss continues unabated. No
clear evidence exists to suggest that these initia-
tives are working (data by Global Forest Watch;
tree-canopy density > 30%).
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Perspectivein Latin America,10–12 subsistence agriculture in Africa,13,14 and
small-holder farming linked to industrial plantations in Asia.10,15
According to Global Forest Watch, annual tree-cover loss
reached 29.7 million hectares globally in 2016, a 51% increase
since 2015. In the tropics, 12 million hectares—an area the
size of Belgium—were lost in 2018 alone.16
Multiple initiatives worldwide—including the Convention on
Biological Diversity (CBD), Aichi Target 15,17 the United Nations
Framework Convention on Climate Change (UNFCCC),
Reducing Emissions from Deforestation and Degradation
(REDD+),18 the Bonn Challenge, the Rio+20 land-degradation
neutrality goal,19 and Sustainable Development Goal (SDG)
1520—all had stated ambitions to reverse these trends. Sixty
percent of the 500 most influential companies in forest-risk sup-
ply chains have made deforestation commitments in one form or
another.21 The New York Declaration on Forests, Initiative
20320, the African Forest Landscape Restoration Initiative
(AFR100), and similar initiatives seek to restore deforested and
degraded land. The Bonn Challenge Barometer of Progress re-
ports that 47 countries are pledging more than 160 million hect-
ares for Forest Landscape Restoration through voluntary, non-
binding initiatives, and 43.7 Mha were reported as being
restored.22 More recently, the World Economic Forum launched
in February 2020 the 1t.org project, a global initiative to grow,
restore, and conserve one trillion trees around the world. They
join other similarly named initiatives (Plant for the Planet, the Tril-
lion Tree Campaign, and Trillion Trees) aiming to unite govern-
ments, civil society, companies, and private individuals in a
global-scale nature-restoration movement. Despite repeated
failures to meet many earlier targets and leaving aside the possi-
bility of ulterior motives held by leaders and representatives,
these efforts show that the stated collective ambition to preserve
forests remains strong (Figure 1).
Despite the demonstration of political will and global efforts,
forest loss, fragmentation, and land degradation continue un-418 One Earth 2, May 22, 2020abated and are reaching a critical point.23
No clear evidence exists to suggest that
the current restoration initiatives are work-
ing (Figure 1). Despite corporate commit-
ments, commodity-driven deforestation
persists,9 and new evidence suggests
that targets, e.g., 10% of the government
pledges to the Bonn Challenge, were set
without consideration of the biophysical
capacities of the system.24 Successes
here and there do not register at the global
scale, and at best they tell the story of bat-
tles won but of a losing war.
Why are policies designed to halt defor-
estation and increase restoration of forestlandscapes apparently missing their target?We hypothesize that
a key reason for ineffectiveness lies in a failure to recognize the
agency of the many stakeholders involved—their capacity to
act independently and to make their own free choices—and
the adaptive capacities of the systems we seek to steer. Land-
scapes do not happen; we shape them. They are the result of
the sum of individual actions and decisions made by all stake-
holders and the interactions between these and the biophysical
processes.25 Forest transitions in the Anthropocene are primarily
driven not by ecological processes but by social processes,
including policy and economy, and social behaviors. When for-
est transitions happen, they are the result of a change in the
way humans govern and manage ecosystems. From the smaller
community of hunter-gatherers to the largest corporations, it is
only and always humans who make decisions.
Agency is a blind spot in our decision-making processes and
a possible reason why global policies and initiatives to halt for-
est degradation and foster restoration fail. In this Perspective,
we suggest a possible pathway to overcome this weakness.
We first introduce two widely applied theories (forest transition
and sustainability transition and transformation) and then elab-
orate on the reasons for policy failures. We then propose a radi-
cally new approach, where we discard the assumption that it is
feasible or necessary to work toward achieving a common
vision for transformation. We propose a method that allows de-
cision makers to align forces despite different and sometimes
opposing values and worldviews without the necessity to find
beforehand a ‘‘common vision.’’ The core of our approach rests
in the elicitation of the mental models used by decision makers,
a necessary step that allows for a better representation of hu-
man agency in them. Games can represent these models and
be designed to portray the needs, constraints, and aspirations
of the stakeholders they refer to. Such games, when played,
allow the self-actualization of the decision makers who
play them.
A B
Figure 2. The Forest Transition Theory,
Deforestation, and Forest Landscape
Restoration
Forest transition theory is a description of the
changes that a landscape—initially a country—un-
dergoes when its forest cover stops shrinking and
starts expanding amid growing human population,
2013Forest transition theory is a description of the
changes that a landscape—initially a country—un-
dergoes when its forest cover stops shrinking and
starts expanding amid growing human population,
increased technical capacities, and changing cul-
tural values. With agricultural expansion as the
major driver of forest loss, the curves of forest area
and agricultural area complement each other. The
expansion of remaining forests, forest landscape
restoration, and active plantation programs explain
the recovery of forest area. The forests at the end of
the process are different from those at the begin-
ning. Policy interventions can speed up or slow
down the transition. A policy to reduce and stop
deforestation can at best flatten the curve (A). Forest
landscape restoration can potentially redress it up
to the maximum ecological potentialities of the
locality (B). Halting deforestation and restoring
landscapes are equally needed for operating the
transition. Modified from Rudel et al.,27 Lambin and
Meyfroidt,28 and Mather.29
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Forest Transition Theory
Forest transitions—defined as regional-scale shifts from a
shrinking to an expanding forest area—serve as a heuristic
framework for conceptualizing forest landscape change
(Figure 2). This framework distinguishes three distinct phases
where (1) fragmentation, (2) deforestation and degradation, or
(3) restoration and reforestation are the main processes shaping
the landscape (but see Bogaert et al.,26 who classify fragmenta-
tion as a case of deforestation and note that fragmentation and
deforestation can continue even as restoration occurs). This
trend is represented with the forest transition curve,27,28 a theo-
retical construct that maps changes in forest cover area for a
given region or nation over time.29 The theory has shortcomings.
Forest quality is not well represented, and degradation, if it is
higher in the second phase of the transition, can happen all along
the forest transition curve. The forests that return are not neces-
sarily the same as those that disappeared in structure, composi-
tion, and function.30 Other limitations of the theory include how it
defines forests, the explanations it offers to the transition, and its
generality.31 Despite these, the forest transition theory remains
one of the foundations of current thinking on forest landscape
change.32–34
Sustainability Transition Theory
A multi-level perspective (MLP) of nested scales is commonly
used for modeling socio-technical transitions35–38 and has
been used in forest-governance contexts for analyzing condi-
tions across policy levels.39–41 It identifies three analytical levels
(Figure 3). The macro level (1) includes the broader political and
socio-economic trends, values, and normative landscape. The
meso level (2) consists of the current socio-technical regimes,
rules, and routines that define the ‘‘way of doing things at themoment,’’ e.g., the production system including rules and actors
from industry, policy, science, and users. Themicro level (3) con-
sists of niches where experimentation with novel technologies,
practices, and policies, collectively referred to as innovations,
takes place. In niches, innovations are shielded from regime in-
fluences,42,43 but over time experimentation can be expanded
to ‘‘spaceswhere networks of actors experiment with, andmutu-
ally adapt, greener organizational forms and eco-friendly tech-
nologies.’’44 The MLP does not correspond to specific scales.
Rather, it can be applied to different scales ranging from regional
to national and local depending on the analytical context. The
MLP also describes under which conditions a stable regime
could radically change through a ‘‘regime shift.’’45 A shift is
possible when novel practices mature, gain traction through
economies of scale, for example, and replace dominant prac-
tices in the regime.46,47 Examples of successful transitions
come foremost from sectors with a strong technological char-
acter, such as electricity systems,48–50 ‘‘green’’ cars,51,52
biogas,53 and sustainable housing.44
Because of economies of scale, the costs of innovations can
be considerably reduced over time, making them much more
competitive against conventional practices. However, in sustain-
able agriculture, e.g., in coffee agroforestry systems,55 econo-
mies of scale are not easily created. In the case of sustainability,
transitions happen only when sufficient pressure is put on the
normative landscape to create opportunities to adopt innova-
tions. Therefore, the transitions are unlikely. The example of cof-
fee is telling. Despite policies and agendas, agroforestry coffee is
in decline globally.56 Should the transition happen, in coffee or in
other sectors, it would still have the potential to create inequality
if the interests, needs, and constraints of small-scale producers
were left aside, pushing them out of the system.54,57–59One Earth 2, May 22, 2020 419
Figure 3. The Multi-level Perspective Theory
Framework
The landscape represents the norms and values
that shape our collective enterprise. The regimes
capture current rules and processes that define ‘‘the
way of doing things.’’ Innovation happens at local
scales in niches protected from competition. Ac-
cording to this theory, the upscaling of innovation by
change agents can create regime shifts, redefining
how we do things, but this requires pressure from
the landscape level. This figure depicts a point in
time where a novel practice has gained traction and
regime shift is just starting. Note that ‘‘landscape’’
here does not refer to the physical landscape.
Adapted from Geels.54
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System Lock-In
Systems have memory60 that conditions what possible future
states the system can take. Path dependency describes the
notion that the pathways the system can take are bounded by
a ‘‘corridor of the possible’’ beyond which certain states are
impossible and certain decisions appear unthinkable.61 Once a
system is engaged in a certain pathway, continuation in the
same direction becomes more probable—a lock-in is in place.62
Existing market and land-policy distortions underprice the use
of natural resources, making business-as-usual production sys-
tems more competitive in the short term.63 Innovations to tackle
forest loss and degradation are generally based on policy instru-
ments (e.g., certification, payment for ecosystem service
schemes, and offset requirements64–66) that are designed to
internalize environmental costs and are, hence, more expensive
to implement than the alternatives. For example, forest-manage-
ment certification was promoted as a market-based solution to
the failure of public policies to protect forest resources.64,67
However, its adoption has been limited, especially by forest
communities, by the costs involved. Where adopted, it has pro-
moted and shaped sustainability transition processes by intro-
ducing new concepts in national policy arenas.40,68 Simply
scaling up the current forest-certification models, however, will
not lead to a regime shift. A focus on macro-level processes is
required.69 The challenges facing forests, particularly tropical
forests, usually originate from outside of forests and the forestry
sector.9
People and Their Values and Beliefs
Ultimately, human actions and behaviors—migrating in or out, in-
vesting in tree planting, and allowing land to lie fallow—deter-420 One Earth 2, May 22, 2020mine whether a transition will occur.70
These choices and actions are driven by
economic factors and markets; policies;
social norms, rules, and beliefs around
land use and management; the assets
accessible to the agents making the deci-
sions; and ultimately, their free will and
agency (Box 1). In the end, we all make
choices and decisions with different levels
of power and effectiveness, and these de-
cisions shape either the landscapes or the
decisions of those who shape them.71Social groups actively fabricate their knowledge and versions
of reality through everyday interactions. Actors work within bio-
physical constraints, regulatory structures, complex social net-
works, and power imbalances that invite, discourage, or forbid
certain actions. Individuals are not passive rule followers but
actively create, use, and reproduce social norms—the unwritten
rules to which people adhere.73 The individual’s understanding
of the norm might be accurate or not. Further, different individ-
uals might share the same understanding or not. Theymake their
decision on the basis of the information available to them, their
capabilities, and their compliance to the norms, laws, and pol-
icies or their capacity to evade enforcement and tolerate risk.
Thus, before forest changes are observed on satellite imagery,
the trends are first socially constructed by actors holding expec-
tations that might or might not be based on correct perceptions
of physical realities or laws, norms, and individual capabilities.
Understanding social perceptions, rules, and norms is therefore
essential to driving social, and ultimately ecological,
change.74–76
The Intergovernmental Science-Policy Platform on Biodiver-
sity and Ecosystem Services has stressed the importance of in-
clusive valuation.77 Its regional assessments highlight how
diverse values and value systems shape interactions between
people and nature, including the use, management, and conser-
vation of nature’s contributions to people.78,79 They describe
how incorporating a diversity of social values into decision-mak-
ing processes can contribute to successfully designing and im-
plementing effective conservation and sustainable use plans,
as well as to achieving the SDGs.79,80 Values—aswell as the cur-
rent emotions, preferences, and personalities of decisionmakers
or the characteristics of options81—drive decisions.82 Therefore
recognizing the role and personal contexts of local decision
Box 1. Case Study: Mount Elgon, Uganda
Geography.Mt. Elgon is a solitary extinct volcano straddling the Uganda-Kenya border (4,321m) and is located at 010700600N and
343103000E. Below the Afroalpine and ericaceous zone (from about 3,200 m), there is an Afromontane zone and an Afromontane
rainforest zone. The forests and higher-elevation areas are protected by a national park, and nearly all land within 20 km is under
small-scale cultivation or grazing. Population densities, ranging between 300 and 1,000 p/km2, are high.
History.Mt. Elgonwas first established as a forest reserve (1929) for timber andwater-catchment values. Pine plantations replaced
some forest in the north (1955), and neighboring people settled inside the reserve. In 1968, forest management in Uganda was
centralized, and reserve boundaries were officially demarcated. Under President Idi Amin (1971) and Milton Obote (1978), most
forests were encroached by (small-scale) farmers. Starting in 1987, efforts to restore forest on Mt. Elgon were implemented, first
through a forest-restoration program and then through increasing the level of protection of the forest to that of a national park
(1993), evicting and/or resettling forest residents, and cracking down on illegal forest uses. In the 1990s, collaborative approaches
to forest management were introduced in an effort to reduce conflicts between park management and local residents and improve
conservation outcomes. Overall, these interventions have halted forest-cover loss and even led to some restoration (see figure
below). However, forest restoration was successful in only a few places; renewed clearing sometimes reversed initial success,
and restored cover is often highly degraded. Overall recovery is limited, and conflicts are still very common. Forest conservation
on Mt. Elgon in Uganda is a classic illustration of a wicked problem.
Forest Transitions onMt. Elgon. The figure below shows nested forest-transition curves for Mt. Elgon in Uganda between 1960 and
2009 for the whole forest zone (magenta line) and split among sub-areas. These show the balance of factors supporting forest con-
servation and forest loss. The study found that single drivers of forest change failed to explain the historical changes on Mt. Elgon,
especially for forest recovery. Instead, it found that local forest-cover trajectories on Mt. Elgon were determined by actions driven
by local historical cultural preferences around land and forest use; over time, these interact with changing contexts of markets and
market access, conservation policies and their expression in terms of access to resources, and external political interference (see
figure below). For example, in the first phase, population pressure and wealth drive forest clearing, but later there is recovery in
wealthy densely populated areas but forest loss in poor, relatively low population areas.
Attempts to drive forest recovery on Mt. Elgon have not sufficiently recognized the social norms and beliefs that govern people’s
actions. For example, in one area, strong traditional forest-use rules broke down after the area was declared a national park, and
forest that had resisted previous drivers of deforestation started to be degraded. Efforts to reduce conflict and forest loss through
forest-resource use agreements havemixed results. They generally do not sufficiently meet people’s needs or give them adequate
ownership and are therefore often used as opportunities to access the forest for more destructive activities, as illustrated by field
assessments in this study. The relationships among stakeholders on Mt. Elgon are characterized by distrust.
Mt. Elgon illustrates how forest transitions are embedded in social transformations and the importance of understanding these in
order to drive social and therefore ecological change. For example, onMt. Elgon, with its enormous population pressure and strong
claims on forest resources, conservation managers might have to radically change their perceptions on forest conservation and
accept lower levels of forest intactness that balance longer-term minimum conservation needs with meeting local needs for
ecosystem services.
(Continued on next page)
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Perspectivemakers and decision influencers in fostering (or preventing)
forest transitions is key to understanding how to support and
promote forest recovery. However, there is more at stake than
values.
The systemic shifts required for the forest transition to happen
are unlikely to follow from a gradual change in values held by de-
cision makers. They demand rapid large-scale behavioral transi-
tion that will occur only if social norms change.83 We resist
changing our values because these define our identity.84 Aware-
ness-creating activities aimed at changing values will meet with
limited success unless they are targeted at young people whose
identities and values are not yet crystallized.85
Actions are driven by values as well as by beliefs.86 We make
decisions on the basis of what we want (our desires) filtered by
what we think will happen (our beliefs).73 Whether these beliefs
are justified is not of primary importance. The ‘‘illusion of un-
derstanding,’’ a set of overly simplistic, unjustified assump-
tions about complex and uncertain topics, proves to be a
powerful driver of action.87 However, the closer our mentalmodels are to the actual network of causal links that shape
the landscape, the smaller the gap between the intended con-
sequences of our actions and their effective impact will be.73 In
addition, whether correct or incorrect, our expectations of
others’ behaviors and attitudes influence our behavior. When
people prefer to act like most others, beliefs can be self-fulfill-
ing.88 Changing the expectations of what others will do can
then create abrupt shifts in behavior and trigger a chain
reaction.83 The pathways connecting actions and beliefs are
two-way avenues.
Bringing about Radical Transformations
We propose that it will be very expensive, perhaps even futile, to
invest in trying to change the values of decision makers in order
to bring about forest transitions or any other systemic environ-
mental transformations. Developing a common vision of what
the world should be will be difficult, exhausting, and possibly
impossible if the values held are at loggerheads. More impor-
tantly, it is not required.One Earth 2, May 22, 2020 421
Box 1. Continued
This figure shows forest-cover change for the entire forest zone of Mt. Elgon, Uganda (magenta line), and within 2 km of villages
adjacent to the park (blue and purple lines). The split among different groups of villages reflects a broad focus on either coffee or
maize for income and, together with other contextual factors, aids our understanding of local variation in forest-transition trajec-
tories and their contribution to the overall forest-zone curve. Southern villages are presented separately to illustrate the reversal of
a forest-regeneration trend among traditionally coffee-focused villages in the south. Underlying drivers considered include, among
others, prices and markets for major crops, national-level politics, population, and changing conservation policies. Modified from
Sassen et al.72
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PerspectiveFor collaboration between agents to emerge, they do not need
to agree on a common objective or shared vision. It is sufficient
that they agree on how the world works and how it could change.
Agreeing on How Things Are
We propose that a path less trodden for policies and interven-
tions is to provide reasons for people shaping the landscape or
shaping the decisions of others in the landscape to change the
expectations they hold about what others will do or how the
ecosystem will respond.83 It means working on creating agree-422 One Earth 2, May 22, 2020ment around a common understanding of how things are
(descriptive approaches) instead of focusing on how things
should be (normative ones). It means asking how the system
works so people provide mechanistic explanations rather than
asking them the reasons of the positions they defend.87 Asking
how instead of why allows three things happen:
First, people can relate to their empirical knowledge of the sys-
tem and feel secure if their own perception of reality is repre-
sented adequately in the discussion.
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will lead to surprises, given that one’s point of view is suddenly
shifted. In so doing, we create the conditions for epiphany
learning (EL) to happen. EL occurs when agents suddenly and
dramatically alter their behavior.89 EL is different from reinforce-
ment learning, prevalent in the decision-making literature. In
cases such as the ones we outline here, learning happens all at
once. The neurological pathways leading to such epiphanies
have yet to be understood.89
Third, when no trust exists between parties, a common
description of how things are (independently of the values we
attach to them) serves as common entry point for building agree-
ment. Trust is critical in collective action,90 but it is not given and
is possibly overrated.91 The processes we advocate do not
require altruism or trust between parties. Nor do they void the ne-
cessity of strategic foresight by all parties: intelligent, organized,
and often powerful resistance to environmentally motivated
change is an important feature of most environmental issues.92
They do require pragmatism and sound methods such as the
ones we expose below to be successful.
What role can science play?One of the classic roles assigned
to scientific research is ontological. Society expects science to
generate new knowledge that will change our understanding of
what the system actually is, establish trends, ascertain new or-
ders of magnitude. This is akin to exploring the ‘‘what’’ of forest
landscape change. The map of intact forest landscapes93
played such a role. By giving a precise definition to an until
then fuzzy concept and proposing a first map outlining their
extension and location, the authors created a new viewpoint
on forests and a new layer of information. In doing so, they initi-
ated a policy transformation that led to the integration of new
forest-management requirements by the Forest Stewardship
Council and their adoption by certified operations 6 years
later.94 The estimation of the number of trees on Earth95 had
a similar impact by transforming the Billion Trees campaign
into the Trillion Trees campaign, when decision makers
involved in that initiative realized the magnitude of the pro-
cesses they wanted to influence. More recently, the estimation
of Earth’s tree-restoration potential played a similar role by
changing the public perception of the value of forest as a natu-
ral climate solution.24
Understanding the changes in forest cover, as well as
measuring whether and to what extent forests are degraded or
expanded, is therefore crucially important for putting topics on
the agenda. A descriptive framework that quantifies and moni-
tors the status of forests should in principle be able to contribute
to modifying individuals’ perceptions and evolving social norms
toward a more unified vision and thus reduce false understand-
ing of individuals in a group. However, given that definitions of
forests are political statements, simply agreeing on what to
monitor already proves a challenge.96 Ontological research
and quantitative monitoring frameworks are needed but are not
sufficient for creating the transformations we call upon.
Becoming Self-Aware
A theory of change (ToC) and other similar approaches make it
possible to document and examine assumptions, causality,
and the steps along a project-development pathway.97 They
do so by articulating the hypotheses that underlie potential path-
ways to change and making anticipated cause-effect relation-ships explicit. A ToC focuses attention appropriately on how
the system works as opposed to why it should work in a certain
way. Such a reflexive process improves the chance of designing
and implementing successful projects.98–100 The participatory
nature of a ToC development and refinement is key to
success.98,101
The widespread use of a ToC both as a process and as a prod-
uct in the development of policies and projects tackling defores-
tation, forest degradation, and reforestation would contribute to
more realistic long-term goal setting and allow for learning and
adaptive management. It facilitates transparency on collective
beliefs and reveals differences in the assumptions among stake-
holders.102 If framed not as a normative issue but as a descrip-
tion of the status quo, the use of a ToC helps stakeholders
who might not all agree on an overarching objective to smooth
the way for reflection and shared negotiation of common or
compatible goals and solutions.103 As a dynamic process, the
ToC can support the collective testing of assumptions within
the intervention.98 As outcomes begin to be realized, the ToC re-
visits both the logic and the assumptions of the policies and pro-
jects to ensure that change is taking place as intended. A key
aspect of the process is to strengthen stakeholder ownership
and continuously revisit pathways of change while ensuring
that the scenarios produced are relevant to policymakers and
practitioners.
Understood as such, a ToC thus outlines a strategy for
achieving a stated objective.99 It is first developed on the basis
of the mental model of the decision makers.104 It necessarily in-
cludes statements on the expectations of how stakeholders will
respond to initiatives. Through the process of revisiting it, the
mental model can be refined. With a ToC thus come two keys
for success: the elicitation of mental models that allow self-
awareness of those undergoing the process and the design of
a learning process that allows the models to be refined.99
Flaws and inaccuracies in the mental models, however, will be
costly, create delays, or even foster opposition. This process is
often referred to as ‘‘muddling through,’’ an expression used in
policy development, administration, and landscape manage-
ment.25,105 There are ways to fast track the process of testing
and validating one’s mental models. They involve engaging
actively in scenario construction. The essence of such prospec-
tive analysis is to explore possible futures106 rather than to pre-
dict what will happen. The aim is to highlight the forces that drive
the system to make better decisions today about the future.107
However, the complexity of the landscapes we address defies
the cognitive capacities of most of us. As with a game of chess,
with its 10120 estimated variations,108 it is easier to explore the
behavior of a system by using a board and pieces than to play
with a blindfold. We suggest that games, as models of strategic
situations, can help here too if only we can convince decision
makers to play them.109,110
Learning by Playing
In a game, the outcomes of an action depend on the interactions
between one’s decision, the decisions of the other players, and
the rules of the game. A game is therefore a model of a strategic
situation.111 Games are adaptable to different viewpoints and
can represent different roles, information, and power asymme-
tries. Their development and manipulation help people cope
with complexity.109 Games can be developed to help usOne Earth 2, May 22, 2020 423
Figure 4. Agent-Based Model Framework
The games we develop use the basic architecture
common to most multi-agent systems but are
applied to landscape and natural-resource man-
agement. A first layer details the physical landscape
and its heterogeneity (1). Resources, including
ecosystem goods, are present in this landscape,
and each resource has its own sub-model to
describe its dynamics (2). Stakeholders are repre-
sented as agents and have different qualities of life,
access to capitals, knowledge, and skills (3).
Stakeholders manage the land and the resources
according to their needs, capacities, and aspira-
tions. In addition, stakeholders are embedded in a
policy, social, and institutional environment made of
other agents (4) with whom they interact and that
contributes to shaping their strategies. The crucial
element is the mental model of the agent (5) and her
perceived environment, which will condition the
choices she makes. Adapted from Ferber and
Weiss.114
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Perspectiveunderstand landscape changes and map environmental con-
flicts.112 Based on the companion-modeling approach,113 their
design involves the collective elicitation of the mental models
that underlie decisions and the transformation of these mental
models into a game that will serve as a tangible and adaptable
boundary object (Figure 4).
Developed through participatory processes, a game can repre-
sent all the crucial actors, resources, processes, and interac-
tions—ecological, social, economic, and political—relevant to
the discussion.114,115 Such a game is then understood as the
combination of tokens (what the system is), a set of commonly
agreed-upon rules (how the system works), and players.116 Play-
ing the game lets stakeholders confront their understanding of the
system with the narrative presented by the game. The game
poses challenges to the players, responds to their decisions,
and invites them to think strategically. They can then pitch their
strategies against those of the other players and against the en-
gine of the game—the core rules that define what is possible
and what happens. This process acts as a reality check of the as-
sumptions that participants have.116 It allows creating consensus
on how the system works; when participants agree, the rules
represent the system that they are familiar with. Games enable
stakeholders to share and confront their perceptions to better
grasp the complexities of the system, to explore alternative fu-
tures in a low-risk environment, and to negotiate new forms of col-
lective action.117 The insights gained can then be translated into
real life first as a refined ToC and then as actual policy proposi-
tions. This is the process that negotiators of the Forest Steward-
shipCouncil RegionalWorkingGroup for HighConservation Value
Areas experimented in August 2017 in Brazzaville. They used
MineSet, a game developed to explore the links between mining
and logging activities, to agree on the definition of regional indica-
tors for intact forest landscapes.118 The game allowed all partici-
pants to create a common understanding of a system they
thought they knew. Going back and forth between reality and424 One Earth 2, May 22, 2020the game enabled discussions that were
more constructive. Using the board, rules,
and tokens as a tangiblemodel to represent
situations, counterfactuals, scenarios, andtheir consequences brought clarity to their narratives. Preceding
the negotiations with a game session allows the game to become
a tool for establishing an inclusive, engaging, and constructive
dialog and facilitate the negotiation process, leading to an agree-
ment when none was previously in sight.119
Any method that confronts mental models through the con-
struction of boundary objects would contribute to the same
objective. Why should we focus on games particularly? Because
to overcome the cognitive biases that prevent changes to our
mental models, there are few better ways than to force people
to take a new vantage point and to look carefully at what can
be seen from that point.112,117 When faced with a situation that
is beyond their control yet in a safe environment, participants
become alert, a state that makes it easier for them to reflect
and learn.120 Games thus play the role of the third key to success
by providing tools and methods to improve the participants’ ca-
pacity to learn and placing their own agency center stage.
Outlining the land-use futures and pathways of change re-
quires the identification, definition, and testing of policy innova-
tions and new business models through scenario development.
These must then be transposed to the system to help foster the
transition. Decisionmakers engaged in this process need tomap
policy innovations and business models that suggest alternative
pathways away from business as usual by challenging the exist-
ing regimes of forest governance. They can look for innovations
that aim to challenge the incumbent regime, introduce change to
existing practices, and provide alternative pathways. Given that
forest governance is fragmented across jurisdictions and in-
cludes multiple actors, the identification can span from local
levels to international politics. This can require national arrange-
ments121–123—including governance instruments by state, mar-
kets, and civil society—as well as hybrid modes of governance
and public-private partnerships, such as logging concessions
and co-management of resources.124 It can also influence so-
cial-private partnerships, such as community ‘‘conservancies’’
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Perspectiveand payments for ecosystem services.125,126 Identifying syn-
ergies between various policy innovations and business models
can strengthen policy environments that foster transitions.127
Besides identifying policy innovations and business models,
decisionmakers need to identify the individuals, groups, or orga-
nizations that can be influenced to achieve the transition.128 The
selection of boundary partners will most likely target a wide
range of actors involved in land-use sectors, including firms, in-
vestors, users, non-governmental organizations, and various
government agencies. Although we advocate change through
collaboration and co-creation through exploration of common
futures and changed expectations, changing the status quo
and the existence of intelligent opposition could also require ac-
torswho employ destructive change strategies, such as confron-
tational campaigns and demonstrations.129 All of these pro-
cesses enter in the revision of the ToC. By then, the journey to
transformation will already be well underway.
Conclusions
Landscapes are shaped by a multitude of interacting factors
acting on different spatial and temporal scales. Climate and
land use are two end points in long and complex causal chains
that influence forests globally. Forest-cover loss and forest
degradation have negative impacts on biodiversity and the pro-
vision of ecosystem services originating from forest systems.
They are essential for millions of forest-dependent communities.
They contribute to the likelihood of emerging infectious disease.
They reduce the capacity of forests to contribute to climate miti-
gation through carbon sequestration. To counteract deforesta-
tion, global initiatives and policy instruments have been created.
Yet forest loss continues. Deforestation happens because
locally, and in the short run, it is the most logical and rewarding
course of action. Doing what is rational depends upon the
context one is in, and land-use change is no exception. These
negative impacts are balanced by the extraction of timber and
other goods originating from the forests, the allocation of more
space to agricultural production and infrastructure, and the
ensuing economic and social benefits. The gains to be made
from deforestation outweigh the negative impacts—at least in
the short term and for the subset of stakeholders who actively
engage in clearing and degrading forests. Unless the context
changes, decisions are unlikely to change. Yet, the context itself
is shaped by the biophysical processes and by the decisions of
others. More specifically, this is a function of what we under-
stand of the biophysical processes and of the expectations we
have on the decisions of others.
This self-referencing process leads to a self-reinforcing
pattern of landscape change that can be broken by an abrupt
change in perceptions about how the world works. Fostering for-
est transitions thus requires decisionmakers at all levels to better
understand their own perceptions and values, as well as those of
the other stakeholders involved. This is first a call to introspec-
tion, and it is true for all decision makers be they working fields,
sitting in a minister’s office, or sitting on a board. The higher the
power of the decision maker, the more pressing the need. Until
this happens, policies risk continuing to target the wrong stake-
holders for the wrong reasons.
We have highlighted the three keys that can unlock this radical
change: (1) gaining self-awareness of the mental models of howthe system works and including better representations of human
agency in them, (2) adopting a process to revise and improve
these mental models through a participatory process such as
the ToC, and (3) using games and other boundary objects that
decrease cognitive obstacles to learning and prevent self-actu-
alization. In adopting this approach, decision makers will directly
address human agency, the Gordian knot at the root of defores-
tation and forest degradation. We need that to design more
meaningful and effective strategies and policies.
ACKNOWLEDGMENTS
This paper is the result of discussions held by the Fostering Forest Transitions:
Scenarios of Biodiversity and Landscape Change (ForSet) project consortium.
We are thankful to Sylvain Mazas for designing the figures. S.S. worked at
Mets€ateho Oy when the ForSet project consortium was active. The MineSet
game was developed with support from the CoForTips project (funded by
the 2012 ERA-Net BiodivERsA call, Agence Nationale de la Recherche,
Belgian Federal Science Policy Office, and Austrian Science Fund) and the Co-
ForSet project (funded by the 2013 call for research proposals ‘‘Scenarios of
Biodiversity for Sub-Saharan Africa’’ from the Fondation pour la Recherche
sur la Biodiversite´ with support from the Fonds Franc¸ais pour l’Environnement
Mondial).
AUTHOR CONTRIBUTIONS
This article builds on the ideas of C.A.G. S.S. led the writing. C.A.G., S.S., V.G.,
R.V., S.W., C.K., M.S., B.R., H.M., B.N., and J.R. wrote the initial draft. C.V.,
F.T., J.O., V.G., H.S., F.Q., P.O.W., J.F.B., M.B.A., and J.G. reviewed the initial
draft. C.A.G. and P.O.W. conceptualized the figures.
DECLARATION OF INTERESTS
C.A.G., H.D., and V.G. work for CIRAD, a French public research center.
C.A.G. is a founder, CEO, andmajority shareholder of InSpire Strategy and De-
cision (https://inspire4sd.com/), a Swiss spin-off of CIRAD. F.Q. works for
Biotope (https://www.biotope.fr/), a French consultancy company. CIRAD,
InSpire, and Biotope all offer, among other consultancy services, the use of
the approach presented in the paper to clients in the public and private
sectors.
REFERENCES
1. Houghton, R.A., and Nassikas, A.A. (2018). Negative emissions from
stopping deforestation and forest degradation, globally. Glob. Change
Biol. 24, 350–359.
2. Meyfroidt, P., and Lambin, E.F. (2011). Global forest transition: pros-
pects for an end to deforestation. Annu. Rev. Environ. Resour. 36,
343–371.
3. Aguiar, A.P.D., Vieira, I.C.G., Assis, T.O., Dalla-Nora, E.L., Toledo, P.M.,
Santos-Junior, R.A., Batistella, M., Coelho, A.S., Savaget, E.K., Araga˜o,
L.E.O.C., et al. (2016). Land use change emission scenarios: antici-
pating a forest transition process in the Brazilian Amazon. Glob. Change
Biol. 22, 1821–1840.
4. Rounsevell, M.D.A., Reginster, I., Arau´jo, M.B., Carter, T.R., Den-
doncker, N., Ewert, F., House, J.I., Kankaap€a€a, S., Leemans, R.,
Metzger, M.J., et al. (2006). A coherent set of future land-use change
scenarios for Europe. Agric. Ecosyst. Environ. 114, 57–68.
5. Malhi, Y., Gardner, T.A., Goldsmith, G.R., Silman, M.R., and Zelazow-
ski, P. (2014). Tropical forests in the Anthropocene. Annu. Rev. Environ.
Resour. 39, 125–159.
6. Geist, H.J., and Lambin, E.F. (2002). Proximate causes and underlying
driving forces of tropical deforestation. Bioscience 52, 143–150.
7. Kissinger, G., Herold, M., and De Sy, V. (2012). Drivers of deforestation
and forest degradation: a synthesis report for REDD+ policymakers
(Lexeme Consulting). https://www.cifor.org/knowledge/publication/
5167/.
8. Song, X.P., Hansen, M.C., Stehman, S.V., Potapov, P.V., Tyukavina, A.,
Vermote, E.F., and Townshend, J.R. (2018). Global land change from
1982 to 2016. Nature 560, 639–643.One Earth 2, May 22, 2020 425
ll
Perspective9. Curtis, P.G., Slay, C.M., Harris, N.L., Tyukavina, A., and Hansen, M.C.
(2018). Classifying drivers of global forest loss. Science 361,
1108–1111.
10. Rudel, T.K., Defries, R., Asner, G.P., and Laurance, W.F. (2009). Chang-
ing drivers of deforestation and new opportunities for conservation. Con-
serv. Biol. 23, 1396–1405.
11. Verburg, R., Rodrigues Filho, S., Lindoso, D., Debortoli, N., Litre, G., and
Bursztyn, M. (2014). The impact of commodity price and conservation
policy scenarios on deforestation and agricultural land use in a frontier
area within the Amazon. Land Use Policy 37, 14–16.
12. Tyukavina, A., Hansen,M.C., Potapov, P.V., Stehman, S.V., Smith-Rodri-
guez, K., Okpa, C., and Aguilar, R. (2017). Types and rates of forest
disturbance in Brazilian Legal Amazon, 2000-2013. Sci. Adv. 3,
e1601047.
13. Hosonuma, N., Herold, M., De Sy, V., De Fries, R.S., Brockhaus, M., Ver-
chot, L., Angelsen, A., and Romijn, E. (2012). An assessment of defores-
tation and forest degradation drivers in developing countries. Environ.
Res. Lett. 7, 044009.
14. Tyukavina, A., Hansen, M.C., Potapov, P., Parker, D., Okpa, C., Steh-
man, S.V., Kommareddy, I., and Turubanova, S. (2018). Congo Basin for-
est loss dominated by increasing smallholder clearing. Sci. Adv. 4, t2993.
15. Turubanova, S., Potapov, P.V., Tyukavina, A., and Hansen, M.C. (2018).
Ongoing primary forest loss in Brazil, Democratic Republic of the Congo,
and Indonesia. Environ. Res. Lett. 13, 074028.
16. Weisse, M., and Goldman, E.D. (2017). Global tree cover loss rose 51
percent in 2016, World Resources Institute blog, October 23, 2017. http://
www.wri.org/blog/2017/10/global-tree-cover-loss-rose-51-percent-2016
17. Convention on Biological Diversity (2010). Strategic plan for biodiversity
2011–2020, including Aichi biodiversity targets. https://www.cbd.int/sp/.
18. United Nations Framework Convention on Climate Change (2013). War-
saw Framework for REDD-plus. https://unfccc.int/topics/land-use/
resources/warsaw-framework-for-redd-plus.
19. United Nations (2012). The Future We Want, Outcome document of the
United Nations Conference on Sustainable Development. https://
sustainabledevelopment.un.org/content/documents/733FutureWe
Want.pdf
20. United Nations (2015). Transforming our world: the 2030 Agenda for Sus-
tainable Development. https://sustainabledevelopment.un.org/post2015/
transformingourworld/publication.
21. Thomson, E., and Rogerson, S. (2020). Forest 500 annual report 2019 - the
companies getting it wrong on deforestation (Global Canopy). https://
forest500.org/sites/default/files/forest500_annualreport2019_final_0.pdf
22. Dave, R., Saint-Laurent, C.,Murray, L., AntunesDaldegan, G., Brouwer, R.,
de Mattos Scaramuzza, C.A., Raes, L., Simonit, S., Catapan, M., Garcı´a
Contreras, G., et al. (2019). SecondBonnChallenge progress report: appli-
cation of the barometer in 2018, (International Union for Conservation of
Nature). https://portals.iucn.org/library/sites/library/files/documents/
2019-018-En.pdf
23. Taubert, F., Fischer, R., Groeneveld, J., Lehmann, S., M€uller, M.S., Ro¨-
dig, E., Wiegand, T., and Huth, A. (2018). Global patterns of tropical forest
fragmentation. Nature 554, 519–522.
24. Bastin, J.-F., Finegold, Y., Garcia, C., Mollicone, D., Rezende, M., Routh,
D., Zohner, C.M., and Crowther, T.W. (2019). The global tree restoration
potential. Science 365, 76–79.
25. Sayer, J., Sunderland, T., Ghazoul, J., Pfund, J.L., Sheil, D., Meijaard, E.,
Venter, M., Boedhihartono, A.K., Day, M., Garcia, C., et al. (2013). Ten
principles for a landscape approach to reconciling agriculture, conserva-
tion, and other competing land uses. Proc. Natl. Acad. Sci. USA 110,
8349–8356.
26. Bogaert, J., Ceulemans, R., and Salvador-Van Eysenrode, D. (2004). De-
cision tree algorithm for detection of spatial processes in landscape
transformation. Environ. Manage. 33, 62–73.
27. Rudel, T.K., Coomes, O.T., Moran, E., Achard, F., Angelsen, A., Xu, J.,
and Lambin, E. (2005). Forest transitions: towards a global understanding
of land use change. Glob. Environ. Change 15, 23–31.
28. Lambin, E.F., and Meyfroidt, P. (2010). Land use transitions: Socio-
ecological feedback versus socio-economic change. Land Use Policy
27, 108–118.
29. Mather, A.S. (1992). The forest transition. Area 24, 367–379.
30. Wilson, S.J., Schelhas, J., Grau, R., Nanni, A.S., and Sloan, S. (2017).
Forest ecosystem-service transitions: the ecological dimensions of the
forest transition. Ecol. Soc. 22, 38.
31. Perz, S.G. (2007). Grand theory and context-specificity in the study of for-
est dynamics: forest transition theory and other directions. Prof. Geogr.
59, 105–114.426 One Earth 2, May 22, 202032. Barbier, E.B., and Tesfaw, A. (2015). Explaining forest transitions: the role
of governance. Ecol. Econ. 119, 252–261.
33. Meyfroidt, P., Chowdhury, R.R., de Bremond, A., Ellis, E.C., Erb, K.H., Fi-
latova, T., Garrett, R.D., Grove, J.M., Heinimann, A., Kuemmerle, T., et al.
(2018). Middle-range theories of land system change. Glob. Environ.
Change 53, 52–67.
34. Kull, C.A. (2017). Forest transitions: a new conceptual scheme. Geogr.
Helv. 72, 465–474.
35. Markard, J., Raven, R., and Truffer, B. (2012). Sustainability transitions:
An emerging field of research and its prospects. Res. Policy 41, 955–967.
36. Geels, F.W., and Schot, J. (2007). Typology of sociotechnical transition
pathways. Res. Policy 36, 399–417.
37. Geels, F.W., Sovacool, B.K., Schwanen, T., and Sorrell, S. (2017b). The
socio-technical dynamics of low-carbon transitions. Joule 1, 463–479.
38. Geels, F.W., Sovacool, B.K., Schwanen, T., and Sorrell, S. (2017a). Soci-
otechnical transitions for deep decarbonization. Science 357,
1242–1244.
39. Mwangi, E., and Wardell, A. (2012). Multi-level governance of forest re-
sources (editorial to the special feature). Int. J. Commons 6, 79–103.
40. Manning, S., and Reinecke, J. (2016). Amodular governance architecture
in-the-making: how transnational standard-setters govern sustainability
transitions. Res. Policy 45, 618–633.
41. Savilaakso, S., and Guariguata, M.R. (2017). Challenges for developing
forest stewardship council certification for ecosystem services: How to
enhance local adoption? Ecosyst. Serv. 28, 55–66.
42. Kemp, R., Schot, J., and Hoogma, R. (1998). Regime shifts to sustainabil-
ity through processes of niche formation: the approach of strategic niche
management. Technol. Anal. Strateg. Manage. 10, 175–198.
43. Rip, A., and Kemp, R. (1998). Technological change. In Human Choice
and Climate Change, S. Rayner and E.L. Malone, eds. (Battelle Press),
pp. 327–399.
44. Smith, A. (2007). Translating sustainabilities between green niches and
socio-technical regimes. Technol. Anal. Strateg. Manage. 19, 427–450.
45. Kemp, R. (1994). Technology and the transition to environmental sustain-
ability. Futures 26, 1023–1046.
46. Schot, J., and Geels, F.W. (2008). Strategic niche management and sus-
tainable innovation journeys: theory, findings, research agenda, and pol-
icy. Technol. Anal. Strateg. Manage. 20, 537–554.
47. Smith, A., and Stirling, A. (2008). Social-ecological resilience and socio-
technical transitions: critical issues for sustainability governance, STEPS
Working Paper 8. https://steps-centre.org/wp-content/uploads/STEPS-
Working-Paper_Transitions.pdf
48. Verbong, G.P.J., and Geels, F.W. (2007). The ongoing energy transition:
lessons from a socio-technical, multi-level analysis of the Dutch elec-
tricity system (1960–2004). Energy Policy 35, 1025–1037.
49. Verbong, G.P.J., and Geels, F.W. (2010). Exploring sustainability transi-
tions in the electricity sector with socio-technical pathways. Technol.
Forecast. Soc. Change 77, 1214–1221.
50. Hofman, P.S., and Elzen, B. (2010). Exploring system innovation in the
electricity system through sociotechnical scenarios. Technol. Anal.
Strateg. Manage. 22, 653–670.
51. Nykvist, B., and Whitmarsh, L. (2008). A multi-level analysis of sustain-
able mobility transitions: niche developments in the UK and Sweden.
Technol. Forecast. Soc. Change 75, 1373–1387.
52. Van Bree, B., Verbong, G.P.J., and Kramer, G.J. (2010). A multi-level
perspective on the introduction of hydrogen and battery-electric vehi-
cles. Technol. Forecast. Soc. Change 77, 529–540.
53. Raven, R.P.J.M. (2004). Implementation of manure digestion and co-
combustion in the Dutch electricity regime: a multi-level analysis of mar-
ket implementation in the Netherlands. Energy Policy 32, 29–39.
54. Geels, F.W. (2002). Technological transitions as evolutionary reconfigu-
ration processes: a multi-level perspective and a case-study. Res. Policy
31, 1257–1274.
55. Verburg, R., Rahn, E., Verweij, P., van Kuijk, M., and Ghazoul, J. (2019).
An innovation perspective to climate change adaptation in coffee sys-
tems. Environ. Sci. Policy 97, 16–24.
56. Jha, S., Bacon, C.M., Philpott, S.M., Ernesto Mendez, V., Laderach, P.,
and Rice, R.a. (2014). Shade Coffee: Update on a Disappearing Refuge
for Biodiversity. Bioscience 64, 416–428.
57. Garcia, C.A., Bhagwat, S.A., Ghazoul, J., Nath, C.D., Nanaya, K.M.,
Kushalappa, C.G., Raghuramulu, Y., Nasi, R., and Vaast, P. (2010). Biodi-
versity conservation in agricultural landscapes: challenges and opportu-
nities of coffee agroforests in theWestern Ghats, India. Conserv. Biol. 24,
479–488.
ll
Perspective58. Andrianto, A., Komarudin, H., and Pacheco, P. (2019). Expansion of Oil
Palm Plantations in Indonesia’s Frontier: Problems of Externalities and
the Future of Local and Indigenous Communities. Land (Basel) 8, 56.
59. Kaimowitz, D., Thiele, G., and Pacheco, P. (1999). The effects of struc-
tural adjustment on deforestation and forest degradation in lowland
Bolivia. World Dev. 27, 505–520.
60. Stark, D. (1992). Path dependencies and privatization strategies in East
Central Europe. East. Eur. Polit. Soc. 6, 17–51.
61. Rotmans, J., Martens, P., and Van Asselt, M.B. (2002). Introduction. In
Transitions in a Globalising World, P. Martens and J. Rotmans, eds.
(Swets and Zeitlinger), pp. 1–16.
62. Wilson, G.A. (2014). Community resilience: path dependency, lock-in ef-
fects and transitional ruptures. J. Environ. Plann. Manage. 57, 1–26.
63. Barbier, E.B. (2011). Transaction costs and the transition to environmen-
tally sustainable development. Environ. Innov. Soc. Transit. 1, 58–69.
64. Cashore, B., and Stone, M.W. (2012). Can legality verification rescue
global forest governance? Analyzing the potential of public and private
policy intersection to ameliorate forest challenges in Southeast Asia.
For. Policy Econ. 18, 13–22.
65. Pirard, R. (2012). Market-based instruments for biodiversity and
ecosystem services: A lexicon. Environ. Sci. Policy 19–20, 59–68.
66. Cadman, T., Maraseni, T., Ma, H.O., and Lopez-Casero, F. (2017). Five
years of REDD+ governance: The use of market mechanisms as a
response to anthropogenic climate change. For. Policy Econ. 79, 8–16.
67. Auld, G., Gulbrandsen, L.H., and McDermott, C.L. (2008). Certification
schemes and the impacts on forests and forestry. Annu. Rev. Environ.
Resour. 33, 187–211.
68. Savilaakso, S., Cerruti, P., Montoya Zumaeta, J.G., and Ruslandi. (2016).
Conserving biodiversity and improving human livelihoods through inter-
action between public regulation and forest management certification.
In Policy Matters: Certification and Biodiversity—How Voluntary Certifi-
cation Standards Impact Biodiversity and Human Livelihoods, P. Castka,
D. Leaman, D. Shand, D. Cellarius, T. Healy, A.T.P. Mead, M.R. Benites
de Franco, and A. Timoshyna, eds. (International Union for Conservation
of Nature and Natural Resources), pp. 74–90. http://www.cifor.org/
publications/pdf_files/Books/CSavilaakso1601.pdf.
69. Blackman, A., Goff, L., and Rivera Planter, M. (2018). Does eco-certifica-
tion stem tropical deforestation? Forest Stewardship Council certifica-
tion in Mexico. J. Environ. Econ. Manage. 89, 306–333.
70. Rudel, T.K., Bates, D., and Machinguiashi, R. (2004). A tropical forest
transition? agricultural change, out-migration, and secondary forests in
the Ecuadorian Amazon. Ann. Assoc. Am. Geogr. 92, 87–102.
71. Waeber, P., Stoudmann, N., Ghazoul, J., Wilme´, L., Sayer, J., Nobre, C.,
Innes, J., and Garcia, C. (2020). Choices we make: rethinking decision-
making in the context of climate crisis. Preprints. https://doi.org/10.
20944/preprints202001.0339.v1.
72. Sassen, M., Sheil, D., Giller, K.E., and ter Braak, C.J.F. (2013). Complex
contexts and dynamic drivers: Understanding four decades of forest loss
and recovery in an East African protected area. Biol. Conserv. 159,
257–268.
73. Bratman, M. (1987). Intentions, Plans, and Practical Reason (Harvard
University Press).
74. Wilson, S.J., and Coomes, O.T. (2019). ‘Crisis restoration’ in post-frontier
tropical environments: Replanting cloud forests in the Ecuadorian Andes.
J. Rural Stud. 67, 152–165.
75. Jacobs, S., Dendoncker, N., Martı´n-Lo´pez, B., Barton, D.N., Gomez-
Baggethun, E., Boeraeve, F., McGrath, F.L., Vierikko, K., Geneletti, D.,
Sevecke, K.J., et al. (2016). A new valuation school: Integrating diverse
values of nature in resource and land use decisions. Ecosyst. Serv. 22,
213–220.
76. Saarikoski, H., Mustajoki, J., Barton, D.N., Geneletti, D., Langemeyer, J.,
Gomez-Baggethun, E., Marttunen, M., Antunes, P., Keune, H., and San-
tos, R. (2016). Multi-criteria decision analysis and cost-benefit analysis:
comparing alternative frameworks for integrated valuation of ecosystem
services. Ecosyst. Serv. 22, 238–249.
77. Pascual, U., Balvanera, P., Dı´az, S., Pataki, G., Roth, E., Stenseke, M.,
Watson, R.T., Dessane, E.B., Islar, M., Kelemen, E., et al. (2017). Valuing
nature’s contributions to people: the IPBES approach. Curr. Opin. Envi-
ron. Sustain. 26–27, 7–16.
78. (2018). Summary for policymakers of the regional assessment report on
biodiversity and ecosystem services for Asia and the Pacific, M. Karki, S.
Senaratna Sellamuttu, S. Okayasu, W. Suzuki, L.A. Acosta, Y. Alhafedh,
J.A. Anticamara, A.G. Ausseil, K. Davies, and A. Gasparatos, et al., eds.,
(Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services). https://ipbes.net/assessment-reports/asia-pacific79. (2018). Summary for policymakers of the regional assessment report on
biodiversity and ecosystem services for the Americas, J. Rice, C.S.
Seixas, M.E. Zaccagnini, M. Bedoya-Gaita´n, N. Valderrama, C.B. Ander-
son, M.T.K. Arroyo, M. Bustamante, J. Cavender-Bares, and A. Diaz-de-
Leon, et al., eds., (Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services). https://ipbes.net/assessment-
reports/americas
80. (2018). Summary for policymakers of the regional assessment report on
biodiversity and ecosystem services for Europe and Central Asia, M.
Fischer, M. Rounsevell, A. Torre-Marin Rando, A. Mader, A. Church, M.
Elbakidze, V. Elias, T. Hahn, P.A. Harrison, and J. Hauck, et al., eds.,
(Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services). https://ipbes.net/assessment-reports/eca
81. Lerner, J.S., Li, Y., Valdesolo, P., and Kassam, K.S. (2015). Emotion and
decision making. Annu. Rev. Psychol. 66, 799–823.
82. Kahneman, D., and Tversky, A. (1984). Choices, values, and frames. Am.
Psychol. 39, 341–350.
83. Nyborg, K., Anderies, J.M., Dannenberg, A., Lindahl, T., Schill, C.,
Schl€uter, M., Adger, W.N., Arrow, K.J., Barrett, S., Carpenter, S., et al.
(2016). Social norms as solutions. Science 354, 42–43.
84. Schwartz, S.H. (1992). Universals in the content and structure of values:
theoretical advances and empirical tests in 20 countries. In Advances in
Experimental Social Psychology, M.P. Zanna, ed. (Academic
Press), pp. 1–65.
85. Schwartz, S.H., Melech, G., Lehmann, A., Burgess, S., Harris, M., and
Owens, V. (2001). Extending the cross-cultural validity of the theory of
basic human values with a different method of measurement. J. Cross
Cult. Psychol. 32, 519–542.
86. Eccles, J.S., and Wigfield, A. (2002). Motivational beliefs, values, and
goals. Annu. Rev. Psychol. 53, 109–132.
87. Fernbach, P.M., Rogers, T., Fox, C.R., and Sloman, S.A. (2013). Political
extremism is supported by an illusion of understanding. Psychol. Sci. 24,
939–946.
88. Young, H.P. (2015). The evolution of social norms. Annu. Rev. Econ. 7,
359–387.
89. Chen, W.J., and Krajbich, I. (2017). Computational modeling of epiphany
learning. Proc. Natl. Acad. Sci. USA 114, 4637–4642.
90. Ahn, T.K. (2002). Trust and collective action: concepts and causalities.
Proceedings of the 2002 Annual Meeting of the American Political Sci-
ence Association.
91. Raymond, L. (2006). Cooperation without trust: Overcoming collective
action barriers to endangered species protection. Policy Stud. J.
34, 37–57.
92. Mermet, L. (2011). Strategic Environmental Management Analysis: Ad-
dressing the Blind Spots of Collaborative Approaches (IDDRI).
93. Potapov, P., Yaroshenko, A., Turubanova, S., Dubinin,M., Laestadius, L.,
Thies, C., Aksenov, D., Egorov, A., Yesipova, Y., Glushkov, I., et al.
(2008). Mapping the world’s intact forest landscapes by remote sensing.
Ecol. Soc. 13, 51.
94. Kleinschroth, F., Garcia, C., and Ghazoul, J. (2019). Reconciling certifica-
tion and intact forest landscape conservation. Ambio 48, 153–159.
95. Crowther, T.W., Glick, H.B., Covey, K.R., Bettigole, C., Maynard, D.S.,
Thomas, S.M., Smith, J.R., Hintler, G., Duguid, M.C., Amatulli, G., et al.
(2015). Mapping tree density at a global scale. Nature 525, 201–205.
96. Chazdon, R.L., Brancalion, P.H.S., Laestadius, L., Bennett-Curry, A.,
Buckingham, K., Kumar, C., Moll-Rocek, J., Vieira, I.C., and Wilson,
S.J. (2016). When is a forest a forest? Forest concepts and definitions
in the era of forest and landscape restoration. Ambio 45, 538–550.
97. Stein, D., and Valters, C. (2012). Understanding theory of change in inter-
national development. JSRP and TAF collaborative project (JSRP Paper
1), Justice and Security Research Programme.
98. Biggs, D., Cooney, R., Roe, D., Dublin, H.T., Allan, J.R., Challender, D.W.,
and Skinner, D. (2017). Developing a theory of change for a community-
based response to illegal wildlife trade. Conserv. Biol. 31, 5–12.
99. Margoluis, R., Stem, C., Swaminathan, V., Brown, M., Johnson, A.,
Placci, G., Salafsky, N., and Tilders, I. (2013). Results chains: a tool for
conservation action design, management, and evaluation. Ecol. Soc.
18, 22.
100. Schwartz, M.W., Deiner, K., Forrester, T., Grof-Tisza, P., Muir, M.J., San-
tos, M.J., Souza, L.E., Wilkerson, M.L., and Zylberberg, M. (2012). Per-
spectives on the open standards for the practice of conservation. Biol.
Conserv. 155, 169–177.
101. Archibald, T., Sharrock, G., Buckley, J., and Cook, N. (2016). Assump-
tions, conjectures, and other miracles: The application of evaluativeOne Earth 2, May 22, 2020 427
ll
Perspectivethinking to theory of change models in community development. Eval.
Program Plann. 59, 119–127.
102. Valters, C. (2014). Theories of change in international development:
communication, learning or accountability. JSRP Paper 17, Justice and
Security Research Programme.
103. Valters, C. (2015). Theories of Change: Time for a Radical Approach to
Learning in Development (Overseas Development Institute).
104. Biggs, D., Abel, N., Knight, A.T., Leitch, A., Langston, A., and Ban, N.C.
(2011). The implementation crisis in conservation planning: could
‘‘mental models’’ help? Conserv. Lett. 4, 169–183.
105. Lindblom, C.E. (1959). The science of ‘‘muddling through’’. Public Adm.
Rev. 19, 79–88.
106. McKiernan, P. (2017). Prospective thinking; scenario planning meets
neuroscience. Technol. Forecast. Soc. Change 124, 66–76.
107. Krivine, H. (2018). Comprendre sans Pre´voir, Pre´voir sans Comprendre
(Cassini).
108. Shannon, C.E. (1988). Programming a computer for playing chess. In
Computer Chess Compendium, D. Levy, ed. (Springer), pp. 2–13.
109. Speelman, E.N., van Noordwijk, M., and Garcia, C. (2017). Gaming to
better manage complex natural resource landscapes. In Co-investment
in Ecosystem Services: Global Lessons from Payment and Incentive
Schemes S, B.L. Namirembe, M. van Noordwijk, and P. Minang, eds.
(World Agroforestry Center).
110. Star, S.L., and Griesemer, J.R. (1989). Institutional ecology, ‘translations’
and boundary objects: amateurs and professionals in Berkeley’s
Museum of Vertebrate Zoology, 1907–39. Soc. Stud. Sci. 19, 387–420.
111. Myerson, R.B. (2013). Game theory. Analysis of Conflict (Harvard Univer-
sity Press).
112. Redpath, S.M., Keane, A., Andre´n, H., Baynham-Herd, Z., Bunnefeld, N.,
Duthie, A.B., Frank, J., Garcia, C.A., Ma˚nsson, J., Nilsson, L., et al. (2018).
Games as tools to address conservation conflicts. Trends Ecol. Evol. 33,
415–426.
113. M. E´tienne, ed. (2013). Companion Modelling: A Participatory Approach
to Support Sustainable Development (Springer Science & Busi-
ness Media).
114. Ferber, J., and Weiss, G. (1999). Multi-agent Systems: An Introduction to
Distributed Artificial IntelligenceVolume 1 (Addison-Wesley).
115. Etienne, M., Du Toit, D.R., and Pollard, S. (2011). ARDI: a co-construction
method for participatory modeling in natural resources management.
Ecol. Soc. 16, 44.
116. Garcia, C.A., Vende´, J., Konerira, N., Kalla, J., Nay, M., Dray, A., Delay,
M., Waeber, P.O., Stoudmann, N., Bose, A., et al. (2020). Coffee,428 One Earth 2, May 22, 2020Farmers, and Trees—Shifting Rights Accelerates Changing Landscapes.
Forests 11, 480.
117. Garcia, C., Dray, A., and Waeber, P. (2016). Learning begins when the
game is over: using games to embrace complexity in natural resources
management. GAIA 25, 289–291.
118. Dillmann, C., Chamagne, J., Cornioley, T., Que´tier, F., and Garcia, C.
(2017). Bridge the gap playing. Using games to link science, policy and
practice in the Congo Basin. ForDev Working Paper no. 2.
119. Auger-Schwartzenberg, M. (2018). Forest Stewardship Council outcome
statement 2018. 27-2018/FSC/GD/MS. 10.13140/RG.2.2.18263.16801.
120. Murphy, C. (2012). Why games work and the science of learning. In
Selected Papers Presented at MODSIM World 2011 Conference and
Expo, pp. 383–392. https://ntrs.nasa.gov/search.jsp?R=20130008648.
121. Arts, B., and Buizer, M. (2009). Forests, discourses, institutions: A discur-
sive-institutional analysis of global forest governance. For. Policy Econ.
11, 340–347.
122. Giessen, L. (2013). Reviewing themain characteristics of the international
forest regime complex and partial explanations for its fragmentation. Int.
For. Rev. 15, 60–70.
123. Primmer, E., Jokinen, P., Blicharska, M., Barton, D.N., Bugter, R., and
Potschin, M. (2015). Governance of ecosystem services: a framework
for empirical analysis. Ecosyst. Serv. 16, 158–166.
124. Karsenty, A., and Vermeulen, C. (2016). Toward ‘‘Concessions 2.0’’: ar-
ticulating inclusive and exclusive management in production forests in
Central Africa. Int. For. Rev. 18 (S1), 13.
125. Lambin, E.F., Meyfroidt, P., Rueda, X., Blackman, A., Bo¨rner, J., Cerutti,
P.O., Dietsch, T., Jungmann, L., Lamarque, P., Lister, J., et al. (2014).
Effectiveness and synergies of policy instruments for land use gover-
nance in tropical regions. Glob. Environ. Change 28, 129–140.
126. Lemos, M.C., and Agrawal, A. (2006). Environmental governance. Annu.
Rev. Environ. Resour. 31, 297–325.
127. Fischer, R., Giessen, L., and G€unter, S. (2020). Governance effects on
deforestation in the tropics: a review of the evidence. Environ. Sci. Policy
105, 84–101.
128. Earl, S., Carden, F., and Smutylo, T. (2001). Outcome Mapping. Building
Learning and Reflection into Development Programs (International
Development Research Center).
129. Dentoni, D., Waddell, S., and Waddock, S. (2017). Pathways of transfor-
mation in global food and agricultural systems: implications from a large
systems change theory perspective. Curr. Opin. Environ. Sustain.
29, 8–13.
